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keep a reasonably constant heat load and to limit field-emission radiation. The cavities will be
qualified to operate at 18 MV/m with a Q0 > 1x1010.

Table 3-1.   Electron beam operational parameters at SCRF linac end, including rms stability
requirements.

Electron Beam Parameters symbol nominal range units

Final electron energy (operational) Ef 4.0 2.0-4.14 1 GeV

Electron bunch charge (limited by beam power) Qb 0.10 0.01-0.3 nC

Max. bunch repetition rate in linac (CW) 2 fb 0.62 0-0.93 MHz

Average electron current in linac Iav 0.062 0.001-0.3 3 mA

Average electron beam power at linac end (limit) Pav 0.25 0-1.2 4 MW

Norm. rms transverse slice emittance at undulator -s 0.45 0.2-0.7 5 m

Final peak current (at undulator) Ipk 1000 500-1500 A

Final rms bunch length (at undulator) zf 8.3 0.6-52 m

Final estimated useable fraction of bunch duration f / f ~50 - %

Total magnetic compression (cathode to undulator) CT 85 25-150 -

Final slice energy spread (rms, with heater) Es 500 125-1500 keV

Estimated RMS Beam Stability Goals:

Relative rms electron energy stability (at und.) ( E/Ef)rms < 0.01 - %

Relative rms peak current stability (at und.) ( I/Ipk)rms < 5 - %

Bunch arrival time stability (rms, at und.) ( tb)rms < 20 - fs

Transverse centroid stability (rms, at und., 100 pC) xrms/ x < 10 6 - %

A schematic of the linac is shown in Figure 3-3. The bunch compression system is designed
to be similar to that operating at the LCLS. There is a laser heater at roughly 100 MeV and a two-
stage bunch compressor with compression stages at 250 MeV and then 1.6 GeV. The
compression system is designed to compress the beams from the injector by roughly a factor of
100. Upstream of the first bunch compressor is a harmonic linearizer that consists of two
cryomodules, each containing eight 3.9 GHz SCRF cavities.  The 3.9 GHz cryomodules are
described in the SCRF 3.9 GHz Cryomodule PRD, LCLSII-4.1-PR-0097.

The bunch compressors for the SCRF linac are described in the LCLS-II BC1 Bunch
Compressor PRD, LCLSII-2.4-PR-0039, and LCLS-II BC2 Bunch Compressor PRD, LCLSII-
2.4-PR-0040. As illustrated in Figure 3-3, compressing the nominal bunch charge of 100 pC to 1
kA requires running the first portion of the linac at 12 and 21 degrees off-crest in L1 and L2,

1 Upper limit is with all 1.3-GHz RF gradients at 16 MV/m, nominal phasing, and 6% of cavities off.
2 BSY dump steals pulses at a few kHz as a keep-alive and to limit the linac beam power to 250 kW.
3  The average current is limited to 0.1 mA with the present RF amplifiers (0.3 mA with upgrade).
4 The linac is designed for 1.2 MW of beam power although more FEL lines are needed to operate there.
5  The transverse emittance varies with approximately the square-root of the bunch charge.
6  Defined as the rms variation of the position or angle centroid normalized to its rms size.


